Gallium Complexes as Anticancer Drugs.
Clinical trials have shown gallium nitrate, a group 13 (formerly IIIa) metal salt, to have antineoplastic activity against non-Hodgkin's lymphoma and urothelial cancers. Interest in gallium as a metal with anticancer properties emerged when it was discovered that 67Ga(III) citrate injected in tumor-bearing animals localized to sites of tumor. Animal studies showed non-radioactive gallium nitrate to inhibit the growth of implanted solid tumors. Following further evaluation of its efficacy and toxicity in animals, gallium nitrate, Ga(NO3)3, was designated an investigational drug by the National Cancer Institute (USA) and advanced to Phase 1 and 2 clinical trials. Gallium(III) shares certain chemical characteristics with iron(III) which enable it to interact with iron-binding proteins and disrupt iron-dependent tumor cell growth. Gallium's mechanisms of action include the inhibition of cellular iron uptake and disruption of intracellular iron homeostasis, these effects result in inhibition of ribonucleotide reductase and mitochondrial function, and changes in the expression in proteins of iron transport and storage. Whereas the growth-inhibitory effects of gallium become apparent after 24 to 48 hours of incubation of cells, an increase in intracellular reactive oxygen species (ROS) is seen with 1 to 4 hours of incubation. Gallium-induced ROS consequently triggers the upregulation of metallothionein and hemoxygenase-1 genes. Beyond the first generation of gallium salts such as gallium nitrate and gallium chloride, a new generation of gallium-ligand complexes such as tris(8-quinolinolato)gallium(III) (KP46) and gallium maltolate has emerged. These agents are being evaluated in the clinic while other ligands for gallium are in preclinical development. These newer agents appear to possess greater antitumor efficacy and a broader spectrum of antineoplastic activity than the earlier generation of gallium compounds.